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© Meltable fluorine-containing resin composition. 

© A meltable fluorine-containing resin composition 
comprising . 

(A) a copolymer which has a molecular weight 
' - distribution peak in a lower molecular weight region 
and is selected from the group consisting of a 
tetraflubroethylene/hexafluoropropyiene : copolymer 
and a copolymer of tetrafluoroethylene and at least 
- one fluorovinyi ether of the formula: 
CF 2 3 CF-O-Rf wherein R< is a fluoroalkyl group hav- 
ing 1 to 10 carbon atoms, and 
£jl v (B) a copolymer which has a molecular weight 
^distribution peak in a higher molecular weight region 
CO and is selected from the group consisting of a 
Jgtetrafluoroethylene/hexafluoropropylene copolymer 
and a copolymer of tetrafluoroethylene and at least, 
one fluorovinyi ether of the formula: 
jgcF 2 = CF-0-R, 

wherein R f is the same as defined above, which has 
Ogood mechanical properties and molding properties. 
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MELTABLE FLUORINE-CONTAINING RESIN COMPOSITION 



BACKGROUND OF THE INVENTION 



Field of the invention 

The present invention relates to a meltable 
fluorine-containing resin composition. More particu- 
larly, the present invention relates to the meltable 
fluorine-containing resin composition comprising at 
least two tetrafluoroethylene/hexafluorbpropytene 
copolymer " and/br " tetrafluoroethylene/fluorovinyl 
ether copolymer which, have different molecular 
weight distribution- 



Description of the Related Arts " 

Blends of various polymers are attractive in 
view of improvement of properties of known poly- 
mers or development of new properties, and many 
polymer blends have been proposed. 

. However, no blend of meltable Huorine-contain- 
irig polymers is known. ~- ' - . 



SUMMARY OF THE INVENTION V 

" An object of the present invention is to provide 
a novel meltable fluorine-containing resin composi- 
tion. • 

This and other object are achieved by a melt- 
able fluorine-containing resin composition compris- ; 
ing 

(A) a copolymer which has a molecular 
weight distribution peak in a lower molecular weight 
region and is selected from the group consisting of 
a " tetraf luoroethylene/hexafluoro propylene 
copolymer (hereinafter "referred to" as FEP) and a 
copolymer of tetrafluoroethylene and at least one 
fluorovinyl ether of the formula: 

cf 2 =cf-o-r, 0) :; \ , : 

wherein R, is a fluoroalkyl group having 1 to 10 
carbon atoms (hereinafter this copolymer will be 
referred to as PFA) , and 

(B) a copolymer which has a molecular 
weight distribution peak in a higher molecular 
weight region and is selected from the group con- 
sisting of FEP and PFA. 



BRIEF DESCRIPTION OF THE DRAWING • 

Figs. 1 and 2 show melt viscosity measured 

in Example, ~ 

Figs. 3 and 4 show the results of creep test 



in Example, and 

Figs. 5 and 6 show tensile strength at break 
measured in Example. 

5 DETAILED DESCRIPTION OF THE INVENTION 

FEP preferably comprises 96 to 83 % by 
weight of tetrafluoroethylene and 4 to 17 % by 
weight of hexafluoropropylene. PFA preferably 

w comprises 99.5 to 92 % by weight of 
tetrafluoroethylene and 0.5 to 8 % by weight of the 
fluorovinyl ether (I). 

The composition of the present invention pref- 
erably comprises 90 to 10 % by weight of the 

75 copolymer (A) and 10 to 90 % by weight of the 
copolymer (B), more preferably 80 to 20 % by 
weight of the copolymer (A) and 20 to 80 % by 
weight of the copolymer (B). 
- PEP or pfa having the molecular weight dis- 

20 tribution peak in the lower molecular region is a 
copolymer which has lower melt viscosity mea- 

- sured under hereinafter described conditions. They 
preferably have melt viscosity (at 380 'C) of 5,000 

- to 280,000 poise. FEP or PFA having the molecular " 
. 25 weight distribution peak in the higher molecular - 

region is a copolymer which has higher melt vis- 
'.v cosity measured under hereinafter described con- 
ditions. They preferably have melt viscosity (at 
380' C) of 25.000 to 300.000. The melt viscosity 
30 difference between the copolymer (A) and the 
copolymer (B) is preferably at least 20,000 poise, 
more preferably at least 40,000 poise. When the 
. • copolymer having the molecular weight distribution 
peak in the higher molecular region has melt vis- 
as" cosity of higher than 300,000 poise and is mixed 
with the copolymer having the molecular weight 
distribution peak in the lower molecular region, the 
blend has a little viscosity decrease in the com- 
- position range in which mechanical strength is not 
40 much decreased. When the copolymer having the 
■ molecular weight distribution peak in the lower mo- 
lecular region has melt viscosity of lower than 
5,000 poise, mechanical properties are not good. 
Measuring method of melt viscosity will be ex- 
45 plained in the following Example. 

FEP or PFA can contain other monomers in 
such an amount that other comonomers do not 
decrease the properties of FEP and PFA. Specific 
examples of the other monomer are hex- 
so afluoropropylene (in PFA), perfluoro(Ci -do-alky I 
vinyl ether) (in FEP), pe.rfluoro-Ci-Cio-alkyl eth- 
ylene perfluoro-(alkyl ally! ether), and the com- 
pound of the formula: 
CF 2 = CF[OCF 2 CFX(CF 2 ) m ] n OCF 2 (CF 2 ) 0 Y 
wherein X is fluorine or trifluoromethyl, Y is halo- 
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gen, m is 0 or 1 (when m is 1, X is fluorine), n is 0 
to 5, and o is 0 to 2. 

The copolymer (A) and the copolymer (B) are 
mixed by any of the conventional methods, for 
example, blended in the form of aqueous disper- 
sions, blended in the form of organic solvent dis- 
persions or blended in the form of dry powder or 
melt blended in melt extrusion. 

Tensile strength at break increases by adding 
PFA and/or FEP of higher molecular weight to PFA 
and/or FEP of lower molecular weight. Although the 
melt viscosity slightly increases, the molding prop- 
erty is good, and mechanical properties are highly 
improved. 

When the lower molecular weight copolymer is 
added to the higher molecular weight copolymer, 
the mechanical properties are maintained, the melt 
viscosity decreases according to a logarithmic mix- 
ing rule and the molding property is improved. 

When PFA is added to FEP, the mechanical 
properties at high temperature are highly improved 
with a small amount of PFA. In the case of com- 
bination of higher molecular weight FEP and lower 
molecular weight PFA, the molding property of FEP 
is improved due to viscosity decrease and the 
properties at high temperature are improved. 

In the case of composition of FEP and PFA, 
crystallization temperature is lowered apart from 
combination of molecular weights, crystallization 
rate is significantly reduced and crystallinity is de- 
creased. As the result, molding temperature is 
easily controlled and dimensional change of the 
molded article is decreased. Less molding strain 
remains so that cracking of the molded article is 
suppressed. The composition of the present inven- 
tion is suitable for molding a thick-walled articles. 



PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

The present invention is illustrated by following 
Example. 

Example 

The foilowing higher molecular weight and low- 
er molecular weight FEP and PFA were used: 

PFA 



Higher molecular weight copolymer (PFA-H) 

Copolymer of 96.5 % by weight of 
tetrafluoroethylene/3.5 % by weight of per- 



fluoropropyl vinyl ether 

Melt viscosity: 8.1 x 10 4 poise 

Melting point: 312* C 



Lower molecular weight copolymer (PFA-L) 

Copolymer of 96.5 % by weight of 
tetrafluoroethylene/3.5 % by weight of per- 
io fluoropropyl vinyl ether 

Melt viscosity: 1.9 x 10* poise 
Melting point: 311 ' C 



Higher molecular weight copolymer (FEP-H) - 

20 Copolymer of 89.7 % by weight - of 
tetrafluoroethylene/10.3 % by weight of hex- 
afluoropropylene 
Melt viscosity: 5.5 x 10* poise 
Melting point: 266* C 

25 . ... 

Lower molecular weight copolymer (FEP-L) 

Copolymer of 88.2 % by~. weight -' of 
30 'tetrafluoroethylene/11.8 % by weight -of "Hex-, 
afluoropropylene 
Melt viscosity: 3.1 x 10* poise 
Melting point: 260 " C 

The PFA or FEP higher molecular weight 
35 copolymer and the PFA or FEP lower molecular 
weight copolymer were fully mixed in the form of 
powder in various ratios indicated in Figures.-melt- 
ed and mixed at 350 "C to prepare blends. A Sheet 
was shaped from each blend to make specimens 
40 Measurement of melt viscosity, creep test and 
measurement- of tensile strength "at .break were 
earned out as follows. 

45 " Measurement of melt viscosity 

A capillary flow test was carried out by using a 
capillograph manufactured by Toyo Seiki 
Seisakusyo. 

so A capillary having a diameter of 1 .00 mm and a 
length of 20.00 mm was used and shear stress was 
measured at the measurement temperature of 
380 'C and the shear rate of 6.08 sec -1 . Melt 
viscosity was calculated as a ratio of . the shear 

55 stress to the shear rate. 



Creep test 



15 FEP 
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A thermal mechanical analysis equipment 
(TMA) manufactured by Rigaku Denki 
Kabusikikaisha was used. 

Tensile load of 5 kg/cm* was applied to the 
specimen (width: 3 mrn, length: 15 mm. thickness: 
about 0.2 mm) at 250* C to measure elongation. 
The results are expressed by AlA. 



Measurement of tensile strength at break 

A stretch and compression machine manufac- 
tured by Sinko Tusin Kougyou Kabusikikaisha was 
used. 

The specimen (width: 10 mm, length: 60 mm, 
thickness: about 0.2 mm) was stretched at the 
stretch rate of 10 mm/min. to measure the tensile 
strength at break. t 

Results of melt viscosities are shown in Figs. 1 
and 2 results of creep test are shown in Figs. 3 
and 4! and results of tensile strength at break are 
shown in Figs. 5 and 6. 
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(B) the' copolymer which has the molecular 
weight distribution peak in the higher molecular 
weight region and is selected from the group con- 
sisting of the copolymer of 96 to 83 % by weight of 
tetrafluoroethylene and 4 to 17 % by weight of 
hexafluoropropylene and the copolymer of 99.5 to 
92 % by weight of tetrafluoroethylene and 0.5 to 8 
% by weight of at least one fluorovinyl ether of the 
formula: 

CF 2 = CF-0-R, wherein R t is the same as defined 
above. 

3. The meltable fluorine-containing resin com- 
position according to claim 1, which comprises 90 
to 10 % by weight of the copolymer (A) and 10 to 
90 % by weight of the copolymer (B). 

4. The meltable fluorine-containing resin com- 
position according to claim ^ t wherein melt viscos- 
ity of the copolymer (A) at 380 C is 5,000 to 
280,000 poise, melt viscosity of the copolymer (B) 
at 380" C is 25,000 to 300.000 poise, and the melt 
viscosity difference between the copolymer (A) and 
the copolymer (B) is at least 20,000 poise. 



Claims 

1. A meltable fluorine-containing resin ' com- 
position comprising 

(A) a- copolymer which has a molecular 
weight distribution peak in a lower molecular weight 
region and is selected from the group consisting of 
a tetrafluoroethylene/hexafluoropropylene 
copolymer and a copolymer of tetrafluoroethylene 
and at least one fluorovinyl ether of the formula: 
CF 2 =CF-0-R f in 
wherein R f is a fluoroalkyt group having 1 to 10 
carbon atoms, and 

(B) a copolymer which has a molecular 
weight distribution peak in a higher ■ molecular, 
weight region and is selected from the group con- . 
sisting of a tetrafluoroethylene/hexaftuoropropylene ■ 
copolymer and a copolymer of tetrafluoroethylene , 

. and at least one fluorovinyl ether of the formula: . 
CF 2 =CF-0-R ( wherein R, is the same as defined 

above. . . ' ^ 

2. The meltable fluorine-containing resin com- 
position according to claim 1, which comprises 

(A) the copolymer which has the molecular 
weight distribution peak in the lower molecular 
weight region and is selected from the group con- 
sisting of the copolymer of 96 to 83 % by weight of 
tetrafluoroethylene and 4 to 17 % by weight of 
hexafluoropropylene and the copolymer of 99.5 to 
92 % by weight of tetrafluoroethylene and 0.5 to 8 
% by weight of at least one fluorovinyl ether of the 
formula: 
CF 2 =CF-0-R f 

wherein R, is the same as defined above, and 
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